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PREFACE 


In January 1973, the National Aeronautics and Space Administration (NASA), 
faced with the necessity of reducing expenditures, examined its programs to de- 
termine what could be eliminated. While NASA made a number of reductions, one 
of interest to this study was the decision to essentially eliminate its satel- 
lite communications activities because this was felt to be a relatively mature 
field and NASA believed that R§D in support of future activities could be pro- 
vided by the communications indtistry. Since January 1973, several organizations 
have assessed the consequences of that decision and have urged that the decision 
be re-examined.^ 

In late 197S NASA asked and the National Research Council agreed to study 
further the question "Should federal research and development on satellite com- 
munications be resumed and, if so, what is the proper federal role in this field?" 
To undertake the study, a Committee on Satellite Communications (COSC) was formed 
under the auspices of the Space Applications Board (SAB). This report presents 
the Committee's findings; significant background information and working papers 
assembled by the Committee during its deliberations will be published separately.^ 


^ "The Federal Role in Communications Satellite U§D," American Institute of 
Aeronautics and Astronautics, New York City, 1975; "The NASA RBD Program on 
Satellite Communications," A Position Paper of the Satellite Telecommunications 
Section, Communications and Industrial Electronics Division, Electronic Indus- 
tries Association and the Government Products Division, Electronics Industries 
Association, Washington, D.C., 1974; untitled paper. Aerospace and Electronic 
Systems Group, The Institute of Electrical and Electronic Engineers, Inc., 
Washington, D.C., 1976. 

^ Federal Research and Development for Satellite Communications; Working Papers. 
Committee on Satellite Communications of the Space Applications Board, 

National Research Council. National Academy of Sciences, Washington^ D.C., 
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INTRODUCTION 


In the one hundred years since the inventioh of the telephone, teleconununi** 
cations has becotne a pervasive part of the developed world. The telephone is in 
nearly every home and in every office in the United States, and there is about 
one tel^hone for every ten persons on earth. Radio broadcasting and other radio 
links have become commonplace tools for providing both entertainment and services 
Television provides entertainment « news, and educational services to most homes 
in the technologically developed countries of the world. There remain, however, 
some troubling limitations to further in^rovements in communications services. 

For exad^le, the cost of providing telephone or TV service by conventional means 
is high in remote and sparsely populated regions. Thtis, the Rural Electrifica- 
tion Administration has made and giiaranteed about $650 million in federal loans 
annually to stimulate an extensive rural telephone service now serving 3.1 mil- 
lion subscribers in 47 states. 

High frequency radio is widely used to span great distances but suffers from 
outages caused by solar disturbances of the ionosphere. As a result, ships and 
aircraft are frequently out of communication with their bases for long periods 
or during critical phases of their journeys. High frequency radio is also se- 
verely spectrum-limited and its use is largely confined to the provision of voice 
and low-speed data services. First steps in improving ship communications began 
in 1976 with the launch of COMSAT General’s MARISAT satellites which now provide 
tirgently needed, reliable services to U.S. Navy and commercial ships in the Atlan 
tic and Pacific Ocean basins. 

Nineteen years ago when the first satellites were laianched, it was clear 
that they could serve as high-altitude relay stations and thus overcome some 
of the limitations of terrestrial communications Systems. First efforts involved 
bouncing radio signals from orbiting balloons and even from earth's natural satel 
lite, the moon. Another approach involved the use of a receiver-transmitter, 
called a transponder, in a satellite to relay signals from one distant point on 
earth to another. Early efforts using low-altitude satellites showed the feasi- 
bility of the transponder technique, but such satellites had short orbital 
periods, did not remain within sight of the earth stations at all times, and re- 
quired that earth stations continuously track those satellites in view. 

The promise of communications via satellite was realized with the use of 
satellites in geostationary orbits at an altitude of 36,000 km. At that height, 
the orbit period, synchronized with the earth’s rotation, places the satellite 
in an essentially stationazy position above a selected point on the equator and 
within line-of-sight of about one-third of the earth’s surface. This possibility 
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for providing continuity of service and solving the tracking problem was pointed 
out by Arthur Clarke^ in 1945 and first achieved by NASA's SYNCOM in 1963. 

In 1963, the U.S, Congress established the Communications Satellite Corpora- 
tion (COMSAT) to bring about a commercial international satellite communications 
system as quickly as possible and to represent the U.S, in the international 
Telecommunications Satellite Organization. International satellite communica- 
tions service began in 1965 with INTELSAT I which could carry 240 telephone chan- 
nels or one TV channel, INTELSAT II, III, IV, and IVA satellites were added in 
subsequent years. As of January 1977, the system provides telephone and TV links 
between the 94 countries that share in ownership of the system. There are also 
13 non-owner countries that use the INTELSAT system. 

Use of satellites for domestic communications within the U.S, was delayed 
by political and regulatory processes until 1974 when policy decisions were made 
about who would provide such services. Meanwhile, Canada's ANIK satellite system 
had become operational in early 1973, supplying some U.S, domestic services. 

Since then, a number of companies have entered the field and today satellites 
are being used to provide domestic telephone or TV services. Additional domestic 
satellites are planned for the U.S, and for other countries. 

Since 1963, the United States has led the world in satellite communications. 
Initial experiments were conducted by the National Aeronautics and Space Admin- 
istration and the Department of Defense. Transi':ion from experimental to prac- 
tical use of satellites was rapid for transoceanic telephone and TV services 
because there existed an infrastructure ready to exploit this new medium and 
becaxise the number of new undersea cables was unable to keep pace with the de- 
mand. U.S. aerospace and electronic industries were able to capitalize on their 
own work as well as on the research and development funded in these industries 
by the federal government to develop a competitive advantage in the world market. 

Tlie private sector has continued to make advances in the technology for 
providing conventional telephone and TV services. The industry has taken some 
risks; for exaii 5 )le, one company paid for launch vehicle improvements and incor- 
porated much advanced technology, not previously proven in flight, in its satel- 
lite to improve performance. However, it became clear that the risk the private 
sector was willing (or could permit itself) to take was limited and that most 
private initiatives were being channelled to existing markets and to where tech- 
nical risks were not perceived as unacceptably high. It is clear that even in 
the largest con 5 )anies, prudent management requires that large investments in R*tD 
not be made unless there is reasonable assurance that relatively short term pay- 
offs will result. Furthermore, the risk of violating federal anti-trust and 
trade regulation statutes has led companies to refraiii from entering into joint 
efforts that might permit them to share risk. As a result, following the with- 
drawal of the federal government from satellite communication R§D, there have 
been no commercial experimental satellites to test new techniques and concepts 
or to permit users to e^qperiment with new services. 

There are a number of potential communications services, such as for health 
care delivery, educational services, search and rescue, electronic mail, tele- 
conferencing, and environmental data collection, which apparently cannot readily 


^ Clarke, A.C. "Extraterrestrial Relays," Wireless World. October, 1945, 
pp. 305-308. 
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or economically be provided using the technology available to the common carriers 
for producing convr^ntional telephone and television services. If the option to 
initiate some of these services is to remain op'^n in the future ^ then advances 
must be made in needed technology by undertaking research and development pro- 
grams now. 

There are examples of work which must be undertaken if new services are to 
be conten^lated. Thwse include technology for utilizing new portions of the 
radio frequency spectrum, employing larger and more sophisticated spacecraft 
antenna, utilizing a satellite as a switchboard in space, and advancing tech- 
nology to drive down the cost of communications. 

As time passed, many concerned with the development and the future of satel- 
lite communications came to realize that NASA's 1973 decision to reduce R§D in 
the field might indeed close options if advancements in technology such as those 
just cited did not become available. Mindful of this, NASA, in the fall of 1975, 
asked the NRC to conduct a study of the federal role in satellite communications 
research and development. The NRC agreed on October 7, 1975, to tmdertake the 
study and decided that the work should be done by a new Committee on Satellite 
Communications (COSC) under the NRC's Space Applications Board. It was also 
agreed that the Committee should be constituted of technologists, communications 
system operators, satellite communications users, a communications policy spe- 
cialist, and a regulatory economist. The members were selected with due regard 
for a balance in viewpoints. Their names and affiliations are listed inside 
the front cover of this report. 

In its work, the Committee considered whether it is likely that satellites 
in geostationary orbits could make voice, video, and data communications attrac- 
tive for a variety of public uses not presently provided. Such satellite systems 
should be able to provide new services to remote and distant places and to 
sparsely distributed users. For example, using the ATS-6 satellite, Brazil has 
experimented with delivering television broadcasts to some of its isolated popu- 
lace. The U.S. has experimented with providing health care information and edu- 
cational services to inhabitants of remote villages in Alaska, Appalachia, and 
the Rocky Mountain West. When the ATS-6 was withdrawn from such experiments to 
keep an international commitment to conduct similar demonstrations in India, a 
number of user groups testified to their need for the replacement satellite which 
NASA had planned to launch.^ However, funds to complete and launch the replace- 
ment satellite were not appropriated and no individual user or combination of 
users was able to afford the estimated $45 million to $50 million to launch and 
operate it. While the cost-effectiveness of any single application of this type 
by a satellite may be questionable,^ the use of multi-purpose satellites may open 
an increasing number of opportmiities for public service, government, and commer- 
cial uses. 


U.S. Senate Committee on Aeronautical and Space Sciences. Hearings on S.3542, 
A Bill to Authorize Appropriations to the National Aeronautics and Space 
Administration for Research and Development Relating to the Seventh Applica- 
tions Technology Satellite, July 23, 1974. 
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See nducational Policy Center, Instructional Television; A Comparative Study 
of Satellite and Other Delivery Systems . Syracuse Research Coi^oration, 
Syracuse, New York, 1976. 
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PERCEIVED NEEDS AND REQUIRED TECHNOLOGY 


PERCEIVED NEEDS 

The govexronent investment in research and development on multi-channel 
point-to-point satellite communications, which began with the space age and cul- 
minated in the formation of the Communications Satellite Corporation, clearly 
has borne rich dividends for the country. The revenues from this new industry 
currently exceed $200 million per year and are expanding rapidly. It was only 
after the Department of Defense (DOD) and NASA had developed the technology and 
demonstrated its practical use, however, that commercial firms were able to risk 
operational systems. Today the price of multi-channel point-to-point voice ser- 
vice has dropped to several thousand dollars per channel-year. Both transoceanic 
and domestic syst«ns are in operation or planned in a large number of countries. 

The situation for other classes of long-range satellite communications 
for example, service to mobile platforms (ships and aircraft) or to widely dis- 
tributed or remote ground locations -- is much less favorable. Most users of 
such communication terminal installations feel they can afford only modest sized 
and low-cost antennas. The services so provided might include public activities 
such as education, mail, environmental monitoring, geophysical exploration, haz- 
ard warning, health care delivery, navigation aids, time and frequency dissemi- 
nation, public safety, search and rescue, or wildlife monitoring. 

The U.S. Department of Health, Education and Welfare and NASA have recently 
conducted experiments in Appalachia, the Rocky Mountain States, Alaska, and 
Washington State. 1 These experiments were designed to assess the value of ser- 
vice to remote locations and to assess the communications satellite as a means 
for providing it. For exan^le, using television, voice, and a variety of data 
signals relayed by ATS-6 (Applications Technology Satellite 6), the experiments 
delivered health care and education services to thousands of Alaskans living in 


^ Marion H. Johnson, "ATS-6 Impact: A View from the Control Room," National 

Library of Medicine News . Vol. XXX, No. 10-11, 0ctober-November,“l97s7“ 
pp. 3-7. 
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areas too remote to reach readily in person or through ground-based communi- 
cations.^*^ 

These experiments successfully demonstrated the capability to provide diag- 
nostic consultative services between medical professionals and paraprofessionals, 
transmit and provide consultations on x-rays, and transmit and up-date medical 
records, all in real-time via satellites. As a result, the Alaska Native Health 
Board now assigns highest priority to development of the community health aide 
program and to improving the communications that provide the aides with profes- 
sional back-up.^ . 

The Public Service Satellite Consortium^ has compiled the needs of numerous 
current and potential users similar to those portrayed in the Alaska example, 
but the fact is that most potential users cannot afford current communication 
service prices, much as the transoceanic point-to-point users could not afford 
early satellite communications systems before technology advances brought lower 
prices. If prices could be reduced, an increased market for such services might 
well develop. 


REQUIRED TECHNOLOGY 

The technical challenge in reducing costs for satellite service to small 
terminals is difficult, but it is no greater than that faced in originating sa- 
tellite commvinications in 1958. The basic approach already can be envisioned. 

To enable small antennas to be used at earth terminals, high-gain satellite 
antennas must be employed. To be economical, these must be shared by large num- 
bers of users at many locations. Many antenna beams from a single satellite will 


Charles Brady, "Telemedicine Moves North to Alaska," National Library of 
Medicine News . Vol. XXX, No. 10-11, October-November, 1975, pp. 7-10. 

Martha R. Wilson and Charles Brady, "Health Care in Alaska Via Satellite," 
AIAA Conference on Communication Satellites for Health/Education Appli- 
cations, AIAA Paper 75-898, New York, 1975. 

^ Subcommittee on Appropriations for the Department of the Interior and Related 
Agencies, U.S. House of Representatives. Testimony on behalf of the Alaska 
Native Health Board by Lillie H. McGarvey, May 13, 1975. 

^ The Public Service Satellite Consortium is a private organization dedi- 
cated to aggregating the public services satellite market. Its subscribers 
number more than 65 state, local and regional organizations currently con- 
ducting over 20 public service satellite communications experiments with 
the NASA ATS-series satellites and the NASA/Canadian Communications Tech- 
nology Satellite. 

^ Walter E. Morrow, "Current and Future Communications Satellite Technology," 
Presentation to the International Astronautical Federation 26th Congress, 
Lisbon, September 1975, 
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be required^ along with methods for accurately aiming the antenna and a means 
for switching signals from one beam to another by means of a switching system 
aboard the satellite. 

High Gain Spacecraft Antennas 

The possibility of high gain (large) spacecraft antennas seems antithetical 
to the notion of spacecraft weighings at most, a few thousand kilograms. (The 
standard 2S>meter ground antennas weigh hundreds of thousands of kilograms.) 

There is one large difference, however, between the surface of the earth and 
space; namely, in the absence of gravity and wind forces, large space antennas 
can be built using very light structures. 

The NASA ATS-6 spacecraft incorporates a 10>meter parabolic antenna that 
weighs less than 100 kg and is operable to 10 GHz. This antenna consists of a 
series of sheet aluminum ribs on which is stretched a metallized net. During 
launch, the antenna is packed into a small container by wrapping the ribs and 
mesh around a central hub. Upon reaching orbit, the ribs are released whereupon 
they unwind into their deployed position.^ Other designs need investigation with 
the objectives of further reducing weight, increasing performance, and increasing 
size. 

Multiple Beams 

One difficulty with high gain spacecraft antennas is that they produce very 
narrow beams and therefore have limited coverage on the earth's surface. For 
instance, the ATS>6 10-meter antenna has a beamwidth of about 1** at one of the 
operating frequencies, 2.6 GHz. If such an antenna is to be usefully employed 
over the earth's surface visible to the satellite, it will be necessary to gen- 
erate a total of about seventy-five beams and to share the spacecraft antenna 
aperture among these many beams. 

As an exan^le, the Massachusetts Institute of Technology's Lincoln Labora- 
tory developed a 10 GHz lens antenna about 0.75 meter in diameter, illuminated 
by 19 feed horns and producing 19 beams — which in t'.e ca?e of this antenna will 
just cover that part of the earth visible from geostationary orbit. The satel- 
lite transmitter can be connected by command to any combination of the feed horns. 
The entire antenna system weighs less than 20 kg. Similar arrangements might 
be made for large parabolic reflector antennas. In that case, a cluster of an- 
tenna feeds would be located at the focus of the parabola. Further development 
of these concepts is needed both to achieve the proper performance over the re- 
quired bandwidth and to minimize effects of the space environment such as ex- 
tremes of temperature. 


Computer Sciences Corporation. NASA Compendiyn of Satellite Communications 
Programs. Report of Work on Contracts NA^ ^-24011 and NA^ ^-24012. Computer 
Sciences Corporation, Silver Spring, Maryland, 1975, pp. 13-59 to 13-81. 


Precision Antenna Aiming 

With today's technology, aiming an antenna in space to a precision of 
0,1* is relatively easy. However, the high gain antennas of anticipated future 
spacecraft will have bearawidths of 0,1" to 0,5* and will require a pointing pre- 
cision of 0.01* or better. It is advantageous to attach the antenna rigidly to 
the spacecraft and aim the structure as a whole. To point the beam accurately, 
the satellite's location in space must be known, the directional vector to the 
earth determined, and then pitch, roll and yaw maneuvers performed. The space- 
craft location can be determined by means of a series of ground-based observa- 
tions of satellite range and range rate or by means of an on-board sensor system. 

One on-board system, in a Lincoln Experimental Satellite, used a precision chro- 
nometer and visual snd/or infrared sightings of the sun and the earth's edge. 

The satellite location was determined by noting the time at which the observed 
angle between the sun and earth reached a given value. 

A spacecraft with a large antenna can be turned in space by means of an on- 
board momentum wheel or wheels. By speeding up or slowing down the wheel, pitch 
maneuvers can be made. Pivoting of the wheel axis can produce roll and yaw motions. 
The spacecraft must also be kept in proper orbital position. This is often accom- 
plished by hydrazine- fueled thrusters. Ammonia thruster systems can also be used 
and electronically powered thrusters have been considered. Current aiming tech- 
niques need to be improved and additional research and development initiated to 
provide simple and accurate systems. 

On-Board Message Switching 

The use of multiple beam high-gain satellite antennas will permit the use 
of small terminals. On the other hand, the problem remains of how to intercon- 
nect users on different beams. One solution would be to collect the signals from 
the various beams and transmit them on a very wide-band downlink to a large ground 
terminal. The interconnection could then be made by conventional switching equip- 
ment and the signals returned to the spacecraft on a wide-band link with each 
signal addressed to the proper downlink beam. This solution, while permitting 
the complex switching equipment to be located on the ground, would require addi- 
tional very wide-band channels in the already crowded radio frequency spectrum. 

Much more power would be required in the satellite and the existing 0.25 second 
time delay would be doubled. 

Another solution would be to perform the switching in the satellite. On- 
board switching can be done in several ways. While switching at radio frequency 
would avoid the complexity of demodulation, time sharing in the use of the down- 
link transmitter would be very difficult. 

An alternative is demodulation of the up-coming signals to identify on which 
beam the down-going signals must be placed to reach the intended recipients. 

Recent advances in high-speed digital signal processors offer encouragement that 
on-board switching is possible. Much research and development is needed to arrive 
at practical solutions and experimental verification in flight will be necessary 
before the communications industry can risk operational use. 


Higher Satellite Power 

A way to increase satellite capacity or achieve a given capacity with low 
cost grf'und stations is to increase the satellite transmitter power* The trans- 
mitter power output is the product of the available prime power and the effi- 
ciency of the transmitters. 

There is relatively little possibility of increasing the 60% efficiency 
of current satellite solid-state transmitters operating at frequencies up to 
2.0 GHz. At frequencies above 2.0 GHz, travelling wave tubes with efficiencies 
of up to 40% are commonly used and improvements in efficiency should be possible. 

Significant advances in the performance of prime power systems should be 
possible. Most current satellites employ silicon solar cell power systems having 
efficiencies as low as 10%. The lightest weight arrangement involves solar- 
oriented planar arrays having about 20 watts of power per kilogram. New designs 
having more efficient cells on lightweight flexible Substrates should be able 
to produce 50 watts per kilogram. 

It may also be possible to develop even higher power per unit Vte:-ght by 
means of larger solar array structures or deployed parabolic solar concentrators 
which could be used with either Solar cells or perhaps Brayton closed-cycle turbo- 
alternators. These means for achieving larger satellite capacities and thus lower 
earth station costs require new technology in prime power devices, in structural 
efficiency, and in the high power transmitter devices themselves. 

Modulation Systems 

Most contemporary systems employ analog frequency modulation voice and TV 
transmission. For FM voice systems, a 50 dB power signal-to-noise ratio in a 
one-cycle band is required. Digital speech transmission systems operating at 
2400 bits per second with very efficient modulation systems have been demonstrated 
to operate at power signal-to-noise ratios of about 40 dB. While currently these 
digital systems are far too costly to be used in inexpensive mobile terminals, 
recent advances in the reduction of the cost of digital equipment indicate the 
possibility of low-cost voice systems operating at significantly lower signal- 
to-noise ratios. 


OTHER TECHNOLOGY AND PHENOMENOLOGY 

Other improvements are needed in satellite support systems. Typical of 
these needs are those for lighter, longer life (nickel-hydrogen) batteries and 
station -keeping engines (ion engines). Better understanding is also needed of 
certain space phenomena such as static discharges at geostationary orbit and the 
effects of rain on the polarization of radio signals. It should be noted that 
AT&T's COMSTAR satellite carries radio propagation experiments' at 18 GHz and 
30 GHz. These experiments, although singular, are typical of the many experi- 
ments needed to better understand potentially limiting natural phenomena. 


POSSIBLE FEDERAL ROLES 


The Committee readily concluded that there is no appropriate role for the 
federal government in providing services that could be furnished by the private 
common carrier industry. However* the Committee recognized many new public ser- 
vices not yet demonstrated to users or sufficiently aggregated to be perceived 
ty indmtry as a viable market. As the discussions proceeded, there was an in- 
creased understanding and respect for the potential benefits to various public 
service systems from the use of satellite communications. There was also an 
increased appreciation that many of the technological advances discussed r»'ove 
Md needed to provide these public services were unlikely to come into being 
in the private sector, especially in view of the perception of unreasonable risk, 
unfayopble market analyses, or expectation that public sector users will have 
small budgets. There could be, then, an appropriate federal role — not in pro- 
viding services but in undertaking technological advances u d in demonstrating 

techniques that would permit the private sector to expand into new and profitable 
uses not now contemplated, 


Reprding a potentially expanded federal role in satellite communications 
research and development, two major concerns emerged. The first was the diffi- 
culty often experienced by successful experimental programs in achieving the 
institutional and financial support necessary to effect the transfer from exper- 

Such support is particularly difficult to obtain 
If the activity falls (as do many of the envisioned public services) within the 
interest of more than one federal agency. The second concern was how to make 
sure that after the period of experiment and demonstration necessary to aggregate 
the market, the government does not continue to provide, on an operational basis, 
communication services which could be purchased from the private sector. These 
concerns, of themselves, might bring about the need for strong institutional 
processes. Institutional concerns were investigated and options for solutions 
proposed in the reports resulting from the SAB‘s 1974 study of the practical 
applications of space systems, 1 ^ 


Another concern became evident. The large number of potential new public 
services, the requirement for ranking their importance and urgency, and the need 


Space Applications Board. Practical Applications of Space Systems . National 
Academy of Sciences, Washington. D.C., 197S. PaneT'oH^tifetional Arrange- 

S-^PPorting Paper 10; Report of the Panel on 
. National Academy o f Sci ences, Washington , D . C . 
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for further identifying the technologies necessary for their pursuit became 
apparent to the Committee. It was concluded that it would be impractical within 
any reasonable bounds of time and feasibility for the Committee itself to define 
and rank even a few specific needs in sufficient detail to be credible. Rather, 
the Committee concentrated on the development of a number of technical options 
and processes which would assure, whichever pi-ograms were undertaken, that from 
the very earliest planning stages onward, such programs would be the result of 
collaborative effort between the technologists and the user community leaders, 
and that needs would be assessed, appropriate technology requirements defined, 
and a means of monitoring effectiveness established prior to undertaking any 
substantial effort by the federal government. The various options considered 
by the Committee, a suggested decision procedure to be followed if any of the 
options are to be implemented, and the Committee's recommendations are discussed 
in the remainder of this report. 


OPTIONS 

As the Committee deliberations proceeded, and as a few particular possible 
satellite communications programs were discussed in some detail, it became clear 
that it would be both more feasible and more useful to consider classes of pos- 
sible programs rather than to attempt to make a detailed study of each of the 
programs suggested, this conclusion led the Committee to focus its discussions 
lapon six possible options for a federal role in satellite communications research 
and development: 

1. The current NASA satellite communications program; 

2. An expanded NASA satellite communications technology program; 

3. A satellite communications technology flight-test siqpport program; 

4. An experimental satellite communications technology flight program; 

5. An e:q>erimental ptd> lie- service satellite communications system 

program; and 

6. An operational public-service satellite communications system 

program. 

In the following discussions of these options, it will be seen that they 
are neither mutually exclusive nor hierarchical, they are simply convenient. 

One can, in fact, well imagine an overall program which would Include several 
of the suggested options. 

The Committee's recommendations concerning the various options will be pre- 
sented in a later chapter. Here the various options are defined and, as neutrally 
as possible, some of the major arguments for and against each option are presented. 
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OPTION 1 

THE CURRENT NASA SATELLITE COMMUNICATIONS PROGRAM 

This option represents a continuation of NASA’s current satellite communi- 
cations program funded at a level of about $10 million per year. In NASA’s FY 
1976 program, about $5.5 million was for support of the ATS and Communications 
Technology Satellite (CTS) already in orbit, $2.1 million was for technical ad- 
viso^ si^port to other federal agencies, such as the Federal Communications 
Commission (FCC) and the Department of State, and to the Communications Satel- 
lite Corporation, as required by the Communications Satellite Act of 1962^, and 
about $2.4 million was for the advancement of satellite communications technology. 

The main argument in favor of this option is that it is the least-cost 
option which may permit NASA to meet its present legal obligations in the satel- 
lite communications field. The main argument against this option is that it 
does not advance satellite communications technology in any significant way, 
principally because the program is too small to provide the needed technology 
and because the opportunity for needed flight demonstration of new technology 

lacking. Also, some people, both inside and out- 
side of NASA, doubt that this option by itself would really enable NASA to main- 
tain the technical competence it requires in order to be able to fulfill its 
statutorily imposed technical advisory support role. 


OPTION 2 

AN EXPANDED NASA SATELLITE COMMUNICATIONS TECHNOLOGY PROGRAM 

'fhis option would add to the current NASA satellite communications program 
additional research and development on communications conqtonents and systems for 
both eartl. station equipment and spacecraft. Funds for flight testing or demon- 

included. Between 

million per year would be needed in addition to the $10 mil- 

««»ushlng a total budgS le™i“f 
»15 million to $20 million per year for this option. 

This option would permit more development of satellite communications tech- 
nology than would Option 1. Some of the items whose development might be advanced 
mder this option are lower- cost earth terminals; higher- frequency, higher-power, 
higher-efficiency solid state devices, and new spacecraft antennas and feed designs, 

Under this option, funds would not be provided for the launch vehicles or 
spacecraft required for flight testing. Flight testing would not be precluded, 
however, if any equipment developed under this option could be "piggy-backed" 


(the Communications Satellite Act 
of 1962 ), NASA IS required to advise the Federal Communications Commission 
on technical characteristics of the communications satellite system, cooperate 
with the Conununications Satellite Corporation in research and development, and 
consult with the Communications Satellite Corporation with respect to the tech- 
nical characteristics of the communications satellite system. 
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Europe^ COMSAT, or foreign agencies such as the 
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prove. Its internal tecteical co^eteSS ?n i®" 

increwe its ability to provide Se tectaicai communications, and thereby 

The arguments against this option ar^fl'i ?hi required by law. 

IS probably not sufficient either^to projected level of funding 
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OPTION 3 

A SATELLITE COMMUNICATIONS TECHNOLOGY FLIGHT-TEST SUPPORT PROGRAM 

satellite communiLtions^^Jloads**fS^°^thL^aS°*^^^ launches of experimental 
vate sector. NASA would provide the lamch agencies md for the pri- 

platform, and system integration 1116 initial-^ ^^“^‘^^aa’^vices, spacecraft 
responsible for the experiment definition anM (non-NASA) sponsor would be 
of such size or complexity that it constitSfd*J®*^“^^?"‘ experiment were 

vrauld provide only the launch vehicl^ launch ^ conqjlete payload by itself, NASA 

The budget for such a nro^Sn i ^ services and system integration 

CproviWng m avaraga of *out ona JaLv‘“°" “ 

since NASA's wlthdrawal/theZSZte sector'SZ “ « why, 

opment flight experiments concerning satellite «w«°^ ‘^f"® research and devel- 
tems. The most common answer was ®°"*®“alcations equipment and sys- 

cations flight experiLSr^erriaftVwr^^^ °f 

afford. It was this point thS led to organization 

NASA would periodically provide at aovemmeilt ®f ^ option in which 

communications payloads for the pri?ate^e 2 o/S®”®?? launches of experimental 
agencies (federal, state, or local) ®® ^^®^^ Other government 

l. i 4 ?^t‘Z“^Zh°"f?Kt*Zi '>* ‘ concaxn 

have to be considered include* imnort^^ t program. Key factors which would 
ogles involv«U JikelihZd Z’suJ^H *'■* “^»ol- 

cosplesity, powsr^uirsZntrjIf Ss fZsrtLSn?’'”"* weight, 

funding Available to sponsors for 4. j ®^© 3^1 ©nee of the proposer: 

the experlwnts. ’•^•or. for experiments; md status of the developient of 

•me main arguments in support of this option are: 


a) Conunercial firms would have an incentive to invest the^r 

fostering ajpucation of 

whii(» m' ^ ested new research and development program results 
while minimizing federal spending. *' k results 

applicability to the user's actual needs 
should be assured because the user would be assuming a signifi- 

«Sonsme1or'‘Lr-J?* «« woilS 

t^deSel^i^Jt J ^ ®^®’^i>nent. This should lead 

KntK efficient operational systems (including 

1 E^erience has shown the need for strong ties between 

activiti.. and constraints and thf ^.“lo^m^t and 
integration of payloads. A single agency is essential to oversee 
ea? integration with the launch vehicle, including techni- 

cal and managerial guidance, support, and scheduling- thSe fSne 
tions fit well with NASA's capabilities anre^erience! 

interSces^ith^fh?! procedures, arrangements, and 

iockironeraJiLfL ®0"?®^®d foreign governments for 

rocket operations over international waters and foreign terri- 

obsJaci ^ capability would present a fomidable 

activ^Jv establish a non-government launch 

activity to replace NASA in that role. 

e) Finally, and perhaps most importantly. NASA is an exi«ti-- 
ing organization. Its staff includes individuals with skills and 
.^.ricnce in all of the disciplines needed to p!aT. org»l« 
and conduct nearly any space flight program. ^ 

The main arguments against this option are: 

PI • selection process for technology experiments for 

nosfd become a problem when experiments are pro- 

posed by conq)eting commercial ventures. Because of the diverse 

to T. P®yti®ipants, it would be difficult to establSr 

wer?neeSr^“S?eci-?^ what advances in technology 

”®f® "®®°ed. Selection of one experiment over another could re- 

the ciLeS^ioi”® advantage to one segment of 

the competition. For example,, the new technology being flight- 

tested would probably be useful in the near term only to thf 
experiment proposer because only he would have definite system 
p ans for the utilization of the experimental results. 

b) Even though orbit locations for experimental satellites 
usually need not be as severely constrained as is necessary for 

^® ^^®strictions on the^umber 
of experimental communications satellites which can be in opera- 
tion at any given time. TTiese restrictions will probably bLome 


more severe with the passage of time. Geostationary orbital 
"parking spaces" within view of the U.S. mainland are being 
occupied rapidly, predominantly by operational satellites. While 
use of new frequency bands may permit somewhat closer spacing of 
satellites, even this measure probably will not relieve the 
shortage of orbital parking spaces. 

c) Because of the high cost of development of complex pay- 
loads or entire spacecraft, even with flight-test stq>port, pri- 
vate sector R§D programs may be limited to a very few large 
corporations. Some important elements of the private sector may 
not be able to afford investment in experimental spacecraft. Itt 
addition, proprietary considerations could and probably would 
inhibit the dissemination of the experimental results. 

d) Because of the private sector's inhibitions on risk- 
taking, efforts on this option would probably be biased toward 
conservative advances in technology, rather than composed of a 
balanced program which included both conservative and risky or 
long term (but high pay-off) advances. 

e) Competitive and proprietary aspects of privately sup- 
ported experiments could make it difficult to combine the best 
features of several technically similar, but not identical, pro~ 
posals into one composite e)q)eriment which could be better than 
any of the singly proposed experiments. Thus, opportunities for 
synergism resulting from use of the same space hardware for a 
multi-technology, multi-mission experiment (e.g., the ATS-6 
multi-frequency, multi-mission antenna feeds all using the same 
single large reflector) would be lost. 

f) Finally, in view of the use of federal funds to pay for 
launch costs, it would be difficult to resolve questions such as 
proprietary rights, disclosure of results, patent protection, 
and government rights (if any) to new technology. 


OPTION 4 

AN EXPERIMENTAL SATELLITE COMMUNICATIONS TECHNOLOGY FLIGHT PROGRAM 

The objectives of this option are the development of satellite communica- 
tions and associated spacecraft technology, flight testing of that technology, 
and the conduct of environmental and propagation experiments in orbit. 

NASA would incur the total cost of all aspects of this option, including 
the cost of satellite payloads; the experiment definition and execution would 
be the joint responsibility of NASA and the non-NASA proposers of flight experi- 
ments. The NASA budget for such an option is estimated at $50 million to 
$75 million per year. 
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This option is essentially similar to the Applications Technology Satellite 
program NASA has been conducting since the mid- 1960 »s using satellites developed 
prior to 1973, As in the ATS program, the proposed flight experiments (including 
the required payloads and spacecraft) would be defined by NASA but largely as 
a result of calls for e}q>eriments made to communications common carriers, space- 
craft suppliers, subsystem suppliers, not-for-profit technology organizations 
(including universities), and public and private users Of satellite communica- 
tions systems. A representative committee of knowledgeable people drawn from 
NASA, industry, universities, and users of the experimental results would be 
charged with selecting, as objectively as possible, the best combination of 
flight e^eriments. For exan^le, in^ortant new technologies (such as multi-beam 
antennas or satellite switchboards) might well be proposed by several different 
grotq)s. The ^various separate proposals would then be aggregated into one or more 
flight experiments which would incorporate the best features of the several pro- 
posals and represent a reasonable balance between risk and technical capability 
payoff. In any case, experiments which could be, and should be, supported by 
the private sector would not be siq>ported by NASA. 

While this option is formulated here in the context of satellite communi- 
cations, the list of experiments to be svq>ported could also, quite properly, in- 
clude, for exan^le, some eiqperiments in meteorology, navigation, or earth re- 
sources observation Satellite systems. The possibility of ’•piggy-back" satellite 
communications system e:q)eriments, as in the existing ATS-6 program, should also 
be considered (a) whenever a user community can be identified which is prepared 
to follow up on the outcomes of the flight experiments, and (b) whenever the 
estimated marginal costs of a user experiment are inproved or at least matched 
by the estimated marginal benefits. 

The main arguments in support of this experimental technology flight program 
option are; 

a) This option would provide the basic elements needed to 
sipport both governmental and industrial research and develop- 
ment requirements in the field of satellite communications. 

Flight test opportunities would be provided, both to industry 
and to government, assuring timely conpletion of needed tech- 
nology projects. Especially important is the continuation of 
space environmental and propagation research and the exploration 
of high-risk, high-payoff technologies. 

b) By encouraging research, development, and testing of 
frequency re-use techniques, this option should help solve the 
problems of rapidly increasing national and international com- 
petition for frequencies and geostationary orbit positions. 

Private enterprise is not likely to invest in the technical 
research and development required to solve these international 
allocation problems. 

c) This option would help prevent the U.S. losing its com- 
petitive position in the communication satellite field to 
foreign manufacturers that have governmental subsidies. Experi- 
ence gained in work proposed in this option could help preclude 


foreign control of the design and manufacture of significant 
portions of our domestic and international satellite communica- 
tions facilities. 

d) This option would substantially improve NASA expertise 
in satellite communications and thus better enable NASA to carry 
out its statutory role to provide technical advisory stq>port to 
other federal agencies and to COMSAT, 

e) The work described tinder this option falls within NASA’s 
interests and responsibilities in planning and conducting this 
country’s civilian space program, 

f) A wide set of knowledgeable proposers could be involved 
and the best features of several proposed experiments could be 
confined into composite experiments better than any of the 
single ones, 

g) Spacecraft technology as well as communications pay- 
loads could be accommodated, and conservative as well as risky 
experiments could be included. 

The principal arguments against this option are: 

a) Direct applicability of experimental flight equipment 

to operational applications might be minimal and further develop- 
ment would be required by potential users, A transfer mechanism 
is lacking which would facilitate the moving of experimental pro- 
ducts into operating systems. 

b) There could be serious risk of payload failure if the 
space platform contained much new technology. 

c) Cost would be higiher than earlier options. The same 
technical objectives might well be accomplished under private 
funding, if the proper incentives were provided. 


The U,S. competitive position regarding small earth stations is discussed in 
detail in Study of Small Earth Station Markets (United States ^ Foreign 
Trade), United States Department of Commerce Report No, 5-35628, Arthur D, 
Little, Inc., Cambridge, Massachusetts, December, 1975, 
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AN EXPERIMENTAL PUBLIC SERVICE 
SATELLITE COMMUNICATIONS SYSTEM PROGRAM 
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A conceptualization phase involving needs assessments 
«d development. 

An experimentation phase using NASA-developed and 
-launched communication satellites in an experimental 
system including formulation of criteria by^which the 
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experiments will later be judged for acceptability and 
worthiness for transfer to operational status; 

3. An acceptability phase in which the transition to an 
operational system is initiated and implemented; and 

4. An early operational phase. 

Depending upon the outcomes of evaluations made in each of the respective 
phases, any given public service Satellite commimications program would either 
be terminated partway through the process or carried on through the entire pro- 
cess. The details of this decision process are discussed in the following 
chapter. 

The main arguments in si^port of this public service experimental option 


a) Experience in various departments of the federal govern- 
ment has shown that one of the more difficult parts of any pro- 
gram is the transfer from a developmental organization to an 
operational organization. Even if highly successful, a demon- 
stration of technical feasibility is seldom sufficient to provide 
a reasonable expectation of successful transfer. This option 
assures that adequate priority is given to the demonstration of 
new use capabilities well beyond mere technical feasibility. 

Cost accounting and responsibility assignments for evaluation 

of the programs as they progress would be clear and effective 
under this option. 

b) This option provides a common ground on which potential 
users and communications technologists can work together to 
effect a match of needs with capabilities. Historically, needs 
remain unmet when capabilities are not known and capabilities 
remain undeveloped when needs are not known. 

c) Enough users could be assembled to decrease the cost 
of using the system to each and increase the probability of 
obtaining useful results. Capabilities are often not exploited 
by individual users because of high costs and costs remain high 
because of lack of use. This option would identify the areas 
of greatest potential return and allow attention to focus upon 
reducing costs in those areas. 

The main arguments against this option are: 

a) This option assiunes that the potential beneficiaries, 
suppliers, and payers can be identified, an assumption which 
might tend to favor applications that can be inplemented com- 
parably well by existing facilities, if only appropriate insti- 
tutional changes are made. Thus, novel and unexpected applica- 
tions might not ’-e develooed because their utility was never 
demonstrated. 


b) If, in fact, the strongest justification for public 
programs is that institutional barriers seem to be too high to 
permit providing the services by the private sector, it might be 
better to work on the institutional barriers than to duplicate 
private with public facilities. 

c) The real costs of many government programs tend to be 
hidden and not understood by some segments of the potential user 
community. This could lead to false expectations for low-cost 
service. For example, in the ATS-6 demonstration service to 
Alaska, Native Health Service officials understood that the 
satellite was NASA-fumished and the ground station installation 
costs were paid by the federal Department of Health, Education 
and Welfare. The general public's perception of these financial 
contributions was, however, less well formed. 

d) Inertia alone could tend to sustain some e;iq)eriments. 

A program might be continued for the sake of its own survival, 
even if it became apparent that its content was of questionable 
value in the satisfaction of public service needs, 

e) The problem of obtaining decisions, cooperation, and 
long-term commitments from several federal agencies which might 
be involved in a program could make institutional arrangements 
so difficult as to make this option infeasible. 

f) Proof of cost effectiveness and aggregation of users 
may be difficult in advance of user demonstrations. This could 
stifle or delay introduction of promising new capabilities. 

g) Cost could be higher than earlier options. 


OPTION 6 

AN OPERATIONAL PUBLIC SERVICE 
SATELLITE COMMUNICATIONS SYSTEM PROGRAM 

Under this option, NASA would pix>vide and operate a public service satellite 
communications system. Funding options could range from total federal subsidy 
to total user reimbursement for services rendered. 

Option S progresses from a public service satellite communications experi- 
ment through the transition to a non-NASA operational public service system. 

There remains to be examined the logical extension of Option S; the possibility 
of NASA operation of a public service system. 

This option would provide a service which is supportive of a national goal 
or requirement as determined by the Executive Branch or the Congress. The ser- 
vice offered might be in response to a perceived domestic need or it might be 
part of a worldwide program of assistance to developing nations. It is envisioned 
that NASA would be the sole operator of the system. 


21 


The primary arguments in support of this program option are: 

a) Since many public missions (such as education and health 
care) are presently supplied partly or wholly by the public sec- 
tor rather than by the private sector, the communications needs 
of such services should also be provided by the public sector. 

b) A single agency would be in a better position than a 
combination of agencies to aggregate funding and requirements 
from many sources; NASA has the expertise in design, development, 
and management of large systems necessary to undertake this task. 

The main arguments against this option are: 

a) This option is not in conformity with the policy of the 
Executive Branch (as of this writing) of relying upon the private 
sector to supply needs, except where it is clearly in the national 
interest to do otherwise.^ 

b) Even if the government policy referred to above were 
changed, the use of NASA as the system operator might narrow 
the consideration of "communications” from a wide perspective 
into the narrower "satellite communications," to the possible 
detriment of health, education, and other public service pro- 
grams which might better be served by competing means. 
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Office of Management and Budget Circular No. A-76 (revised), August 30, 1967. 


DECISION CRITERIA 


When the tine cane to consider conclusions and reconnendations after defin- 
ing and discussing the various options, the Connittee becane concerned about 
possibly reconnending increases in the NASA satellite conununications progran 
without, at the sane tine, providing checks and balances to prevent an indiscrin- 
inate expansion of that progran. The Connittee saw a need to assure that any 
progran which was likely to lead, either directly or indirectly, to the provision 
of satellite conununications services would forcefully take into account fron 
the start the needs of the ultimate user and, in addition, would make full and 
appropriate utilization of the conq>etencies and resources of the private sector. 
It was in this context that the Committee proposed the four-phase decision pro- 
cedure discussed in this section. Although the entire procedure was proposed 
initially in reference to Option 5, the Committee believes that the first two 
phases of this proposed procedure should apply as well to Option 4. 

While the results of the early NASA program in point-to-point satellite 
commwications technology were transfered rapidly to commercial applications, 
the later phases of the ATS program, which e;q)lored satellite technology suitable 
for providing public service, did not result in a similarly rapid availability 
of commercial services. One explanation for the earlier pattern of development 
IS that the nature of the market for domestic and international point-to-point 
telephone and television services was well known before the introduction of satel- 
lites and the institutional structures required to service and develop this mar- 
ket were already in place. The satellite was simply viewed as another means for 
delivering easting services, providing a way to reduce costs or to increase ser- 
vice area. The sit^tion with respect to satellite communications designed to 
provide public services is quite different. Truly equivalent public services 
^ not yet exist, nor do the organizations to provide or utilize such services. 

The nature of the market is not clear: such potential users as can be identified 

are quite disaggregated and present a difficult market, especially in the absence 
operational commercial distribution or broadcasting service. 


A POSSIBLE TRANSFER MECHANISM 

The transfer mechanism needed to mako an effective transition of innovative 
communication satellite technology into the mainstream of operational services 


IS, in fact, a diverse collection of activities including market exoloration 

transfer, institutional development, and regulatory incentive all 

hopefully coordinated by an inspired public policy. ncenxzve an 

Conmiittee believes that an effective transfer mechanism should, at a 
minimum, possess the following attributes: J»nouia, at a 

1 . Comprehensiveness 

Unlike much previous federal activity in satellite communi- 
cations, both the equipment and operational aspects of a given 
service concept must be considered simultaneously. It is essen- 
tiai that those federal agencies concerned with substantive 
applications of satellite communications to their assigned mis- 
sions Ce.g., health, education, commerce, etc.) be party to 
eveloping the transfer strategy and be actively committed to 
Its iniplementation. 1116 development of the application concept. 

^d Its acceptance by end users, is as in5>ortant to the transfer 
process as is the development of the technology, 

2 . Orderliness 

Orderly progression from an activity with substantial fed- 
eral government involvement to one with little or no federal 
involvement should occur as uncertainties about form, perfor- 
mance, and viability of a given service concept are resolved. 

The specific approach suggested in this chapter involves a 
i four phases for this orderly progression. The 
limits of fed^al involvement should be carefully specified for 
each phase. The commercial carrier model is assumed to be the 
typical long-term communication supplier institution. The in- 
stitutional form of the user community is unspecified and is 
ch^e'^ subject of experimentation, development, and 

3. Accountability 

The amount of public investment and degree of federal in- 
volvement in the development of any specific service concept 
should be governed by standard investment criteria. However, 
while the goveitunent should not be as risk-averse as commercial 
firms when considering a potential development (because the 
government may take a longer-term view or may attach a public 
service value to the product), it should still be responsible 
or ascertaining that the value of the services or the technology 
to be developed justifies the investment being made. 

In general, a decision procedure should be adopted that 
selects projects with attractive potential and that provides 
regular opportunities for reassessment to limit losses when 
hypotheses prove wrong. The procedure should not prematurely 
teimnate slow but promising developments. An explicitly 



sequential decision process offers many advantages in that maxi- 
ma use can be made of information obtained through experimenta- 
tion to provide mid-program correction, 

4, Continuity 

Because the measures of success or failure in process, pro- 
Ju to the user are subject to more variation 

thM that of the technical equipment, and because the time in- 
volved in institutional change is often substantial, it is im- 
portant that the evaluation be carried out over appropriate time 
intervals. (A three-month experiment with ATS-6 may have been 
adequate to show that the communications system worked properly, 
u to determine its effects on education might require that it 
remain in use for a period of Several years.) 

Establishing feasibility for many uses is greatly influenced 
by perceptions of the evaluation process and the degree of com- 
mitment of the experimenters. For these reasons, the steps of 
the transfer process must be of appropriate length and there 
must be a continuing commitment to see each specific program 
through to its logical conclusion. Success might be measured 
in a number of ways, the limits being successful transfer to 
the private communications sector or termination because of 
allure to meet the established criteria for progression to the 
next phase of the transfer process. 


THE PROPOSED DECISION PROCEDURE 

of foUl® specific transfer decision process proposed here consists of a series 

nftiro^SdaJar^ activities. Each may involve a different L^i- 

J agencies and private organizations and entail a different level 
intervention. Progression from a federal research and 
development project to a commercial communication service should be orderly and 
ore or less automatic if, at the conclusion of each phase, the project measures 
do pre-established criteria. On the other hand, undertakings that 

o not me^ure to expectation within a reasonable period, as determined 
a pnorv for each specific project plan, are dropped,^ 

Phase 1; Conceptualization 

«« includes assessment of needs, technology projections, service 

JeS design. Management of this phase should be 

ticinati«?if ^ NASA, but specific provision should be made for the par- 

ii ^ range of private and governmental organizations includLg, 

likely ultimate users. During this phase 
outcomes are highly uncertain, creativity at a premium, interaction^dynamics * 

relationship of expenditure to end product difficult to 

*®®’“ ^®®®onable to establish a base level of effort for this 

overall funding to the acceptance or 
performance of individual study projects. ^ 
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Funding Should be adequate to ensure a flow of project proposals for 
Phase 1 greater than are likely to be funded so that there will be some conq>e- 
tition and basis for comparison. A fixed small percentage of the space appli* 
cations budget (say 2% or, at current levels, approximately $5 million per year) 
should ensure that, despite some risk, proper examination of potentially high 
payoff concepts is undertaken. 

Phase 2 : B:qperimentation 

The second phase of the transition process would involve actual e:q>erimen- 
tation vising NASA-developed and -launched communication satellites. The techni- 
cal design of the experimental communication satellite would be derived from a 
comprehensive project design (the output of Phase 1) that may siqiport several 
end user service concepts with a single communications system. The decision to 
proceed With a flight program would be made on a case-by-case basis and would 
not be NASA's alone, nor would the management of the resulting overall applica- 
tions experiment program be entirely NASA's. NASA would, however, be responsible 
for the Satellite and associated grovind equipment portions of the project. 

Policy guidance for this phase might be provided by a committee consisting 
of senior officials from the Office of Telecommunications Policy, Executive 
Office of the President and from mission agencies such as the Veterans Adminis- 
tration, the Department of Health, Education and Welfare, or the Department of 
Commerce. Participation in an advisory role by the Federal Communications Com- 
mission, commercial common carriers, and the private communications indvistiy 
would be most desirable during this phase to lay the groundwork for Phases 3 
and 4. 

In the case of Option 5, in which user services are to be demonstrated, no 
NASA spacecraft development should proceed without a concurrent commitment from 
one or more of the mission agencies to mdertake development of specific opera- 
tional services designed to capitalize on the unique communications capabilities 
of the NASA satellite. 

The typical Phase 2 project is perceived to be of five to seven years dura- 
tion with at least two years of operational service development after launch and 
confirmation of the technology. It is believed that there will be greater risk 
in Phase 2 with respect to the technology and/or the operational viability than 
the communications industry and the end users would be able to accept unilat- 
erally. NASA and the federal mission agencies would therefore have to accept 
this risk on behalf of these communities and the general public. There will have 
to be contingency plans and some overlap of flight programs — perhaps one launch 
every three to four years for programs of seven-year duration — to provide pro- 
tection against space segment failure. Technical and operational uncertainties 
and costs can be significant, and there is a finite possibility of overrun or 
even a large loss. On the other hand, the potential gain from a well conceived 
program should be sufficient to justify tlie cost, as long as each step of the 
development process continues to meet with success. 

In Phase 2, the funding for both the hardware and software aspects would 
come almost entirely from the federal government but the duration of such federal 
funding would be strictly defined in advance (e.g., two years after launch the 
project would qualify for Phase 3 or lose its federal funding). 
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Phase 3: Viability/Acceptability 

This phase of the transition process is critical, and in most past cases 
it has been neglected. It should occur only after the technology has been proven 
and the validity of the operational service concept demonstrated. At this stage, 
proceeding directly with commercial communication service usually would entail 
more risk than either the commercial carriers or the end user could accept. The 
problems would be principally those of competitive commercial investment criteria 
and rate of return on the private sector side and institutional change and rate 
of acceptance of new approaches on the user side. Full federal subsidy at this 
point in the transition process is not needed, and could, in fact, be detrimen- 
tal. The active participation of both the communication industry and the end 
user organizations through commitment of their own resources (time, facilities, 
and money) is absolutely essential to Phase 3. Continued federal support for 
user experiments should be on a decreasing basis. The communication carrier 
industry's willingness to Share the market development costs is also important 
to the success of the transition concept* and the transition process should not 
proceed further without that commitment. 

During this phase, the project should be managed by a joint govemment- 
industry-user committee with chairmanship resting with that organization or group 
of organizations which has the largest investment in the project (this need not 
be a federal government agency.) To the maximum extent possible, the communica- 
tion service should be provided by commercial carriers, perhaps under lease 
arrangement from the government. In those cases in which NASA e;q>erimental sat- 
ellites developed in Phase 2 are still functioning and suitable for continuing 
the services, they might be sold or leased to carriers at a reduced cost to per- 
mit the carrier to offer the initial service to a smaller number of customers 
than would be necessary if it had to justify launching a satellite with its own 
capital. 

Special attention should be given in Phase 3 to institutional arrangements 
that will improve the viability of the proposed service and increase the rate 
of growth and ease of pursuit of the specialized user market. The Public Service 
Satellite Consortium is an exan^le of the type of institutional arrangement that 
the federal government might subsidize as part of Phase 3 activities. 

In conclusion. Phase 3 is characterized by low technical risk, modest but 
declining economic risk, and increasing acceptance of the service concept. Risk- 
sharing mechanisms, incentives, and private sector management are as in^ortant 
as direct federal funding and management during this phase. Federal agencies 
such as the Department of Health, Education and Welfare, the Department of Hous- 
ing and Urban Development, or the Veterans Adminstration, which are closer to the 
end users should play a stronger role, occasionally acting to aggregate the mar- 
ket or as suirrogate for less well organized segments of the user community. 
Government provision (via NASA) of the complete space segment, including launch, 
should be a matter of last resort during Phase 3, although NASA may provide 
equipment to commercial carriers for integration into commercial satellites and 
may provide various support services on a reimbursable basis. 

Phase 4: Early Operational 

During this phase, the service or services are offered commercially but 
may not yet be fully self-sustaining in a profit sense. In addition, some 
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assisting the development of needed technology and in demonstrating new public 
services for a sufficient period that their users may be perceived as a viable 
market by the private sector. The most appropriate supplier of the needed tech- 
nology is NASA. 

The Committee recormende that as soon as possible , MSA, 
with the partioipation of appropHate user groups, begin 
oonoeptual definition of both the needed technology 
(Option 4) and the public service experiments themselves 
(Option S), 

These initiatives are the first steps in the implementation of the Committee's 
Options 4 and 5 which have been described earlier in this report. The report 
also describes a process of checks and balances which the Committee believes are 
essential to channel the expanded NASA role in the needed direction. 


